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Abstract 
BACKGROUND: Brain vitalisation gymnastics (BVG) is a form of physical exercise which attempts to synchronise 
bodily movements with cognition within the same time frame.  
AIM: This study aims to prove BVG can improve cognitive function among the elderly. 
METHODS: The impact of BVG was evaluated as opposed to elderly gymnastics (regarded as a control group) 
for a 4-week study period. Outcomes measured were improvements of cognitive function assessed by MoCA-Ina 
questionnaire, as well as the difference in serum levels of BDNF, IL-6, and S100β. An experimental pretest-
posttest control design was applied to evaluate BDNF and IL-6 levels, while the post-test only designed to 
evaluate S100β levels. Parametric data were tested for normality before being proceeded into either parametric 
(independent student’ t) or non-parametric (Mann Whitney) test.  
RESULTS: BVG significantly improved cognitive function better than elderly gymnastics with MoCA-Ina score of 
1.53 ± 1.58 dan 0.11 ± 2.54, respectively (p ≤ 0.047). BVG group also had increased BDNF levels when 
compared with control (-6020.58 ± 7857.22 dan 0.11 ± 2.54; p = 0.027). Whereas BVG had lower IL-6 levels as 
opposed to the control group (median pre-test IL-6: 2212, median post-test IL-6: 3197.50; p = 0.004). Meanwhile, 
S100β levels were found lower among BVG when compared with the control group, although statistically 
insignificant (p = 0.40). 
CONCLUSION: BVG programme for 4 weeks improved: (1) brain plasticity as shown by increased serum BDNF 
and S100β levels (although the latter was statistically not-significant), as well as marked decrease of IL-6 levels, 
(2) cognitive function as proven by an increase of MoCA-Ina score when compared with elderly gymnastics. 
 
 
 
 
 
Introduction 
 
Ageing causes a variety of biological 
changes, including the brain. In humans, brain ageing 
causes cognitive deterioration in many aspects that 
have been studied and documented. Referring to 
Harada et al. (2013), the brain's cognitive abilities 
consist of crystallised and fluid intelligence [1]. 
Crystallised intelligence includes the ability of 
individuals in the acquisition of skills and knowledge 
learned and repeatedly practised, while fluid 
intelligence is an individual's ability to solve problems 
and analyse new concepts and not depend on what 
has been learned before. Brain ageing has minimal 
impact on crystallised intelligence but has a major 
effect on the decrease of liquid intelligence. This is 
demonstrated by the slowing of thinking and motor 
responsiveness (including fluency of language), 
decrease of attention especially related to selective 
attention (i.e. the ability to focus on specific 
information and ignoring other information that is 
considered irrelevant, e.g. driving a vehicle), shared 
attention (e.g. the ability to perform multiple activities 
simultaneously, e.g. speaking on the phone while 
cooking), and working memory (e.g. temporary 
memory capacity while manipulating information, 
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decreased memory function, especially related to 
semantic memory, decreased ability to remember new 
things (memory acquisition) and accessing memory 
(memory retrieval), decreased visuospatial ability, 
particularly related to constructive ability (e.g. 
assembling 3-dimensional objects, such as 
assembling furniture), and decreasing executive 
function, e.g. the ability of individuals to engage in 
independent, purposive, and proportional activities [2], 
[3], [4], [5], [6]. The executive function is more general 
and encompasses various cognitive areas, such as 
the ability to plan, organise, monitor, argue, solve 
problems, and mental flexibility [1]. Studies show that 
concept formation, abstraction, and mental flexibility 
decrease with age [7]. 
The mechanism underlying the decline in 
cognitive function due to biological ageing varies. It 
can be assumed, however, that the impairment of 
cognitive function is the implication of structural and 
functional changes in the brain as the ageing process 
proceeds. For example, the volume of grey substance 
declines from the age of 20 and atrophy often occurs 
in the prefrontal cortex, as well as the moderate-scale 
volume reduction in the hippocampus [8], [9]. The 
cause of atrophy is the death of neurons that are not 
matched by meaningful cell replication, but to a 
greater degree due to the decrease in synaptic 
density, both in terms of number and size. The 
synaptic density change involves the decrease of 
dendritic arborisation complex, shortening of the 
dendrite, and decreased neuritic spines which are the 
main location of the excitatory synapse [10], [11]. 
Also, pathological conditions such as beta-amyloid 
protein accumulation (Aβ) are found in even healthy 
elderly brains, which were originally regarded as non-
pathological processes, but have recently been 
recognised as a prognostic factor of future Alzheimer's 
dementia in subjects with protein accumulation Aβ 
[12]. Furthermore, there is a decrease in the volume 
of cerebral white matter which is more significant than 
that of grey matter, especially in the precentral gyrus, 
rectus and corpus callosum [13]. Decreased cerebral 
white matter, such as in the parahippocampal area, 
can lead to decreased brain communication with other 
structures such as the hippocampus and is assumed 
to cause cognitive decline with advancing age. 
However, the brain has a special ability to 
compensate for structural and functional changes, 
both in physiological states such as ageing as well as 
on pathological conditions. The brain can adapt to the 
changing of the internal and external environment of 
an organism. The corresponding adaptability refers to 
the regeneration of neurons and synapses, as well as 
changes (remodelling) of neural pathways [14]. This 
adaptive skill is known as brain plasticity. Plasticity of 
the brain in humans are known to persist through old 
age [15]. For example, ageing individuals are shown 
to use more brain areas more actively in the process 
of formation and memory access as a way to 
compensate for the decline in cognitive function due 
to advancing age [14]. Brain plasticity reflects the 
brain's ability to re-organise continuously in the 
maturation process and respond to changes in stimuli 
or injury. Various mechanisms of plasticity have been 
widely studied, including (but not limited to) 
neurogenesis, synaptogenesis, and angiogenesis 
[16]. Brain plasticity can be observed at the cellular 
level in the form of changes in neurons and supporting 
cells, as well as dendrites and synapses. Functionally, 
the plasticity of the brain can be subdivided into 3 
types, namely the plasticity of neurons (related to 
brain adaptation at the level of synapses), brain 
plasticity (changes in brain tissue activity), and 
individual ability to improve cognitive function after 
training [17], [18]. 
Physical activity in various types and levels 
has been shown to slow the decline in cognitive 
function and reduce the incidence of dementia [19]. 
This concept is supported by various types of studies, 
ranging from observational studies in experimental 
animals, humans, to biomolecular research. A meta-
analysis that studied the relationship between physical 
activity and cognitive function found that from 11 
randomised intervention studies found improvements 
in cognitive function, particularly in the motor area and 
auditory attention (strong degree), as well as 
moderate cognitive speed and visual attention [20]. In 
addition to physiologic brain ageing, physical activity 
is also known to improve cognitive function in mild 
cognitive impairment patients who are the prodromal 
phase of Alzheimer's dementia [21], [22]. 
An animal study conducted by Laksmidewi, et 
al., (2016) proved that regular physical exercise can 
improve brain plasticity and cognitive function, evident 
from significant beta-amyloid depletion, significant 
increase in BDNF serum, decreased serum CRP, and 
a new finding that astrocytes play an important role in 
brain plasticity marked by increasing numbers of 
astrocytes that express BDNF [23]. BDNF is a 
neurotrophic factor that has a pleiotropic effect on 
synapse plasticity and plays an important role in short-
term memory acquisition and access, formation, 
consolidation, re-consolidation, maintenance, and 
long-term memory removal through various molecular 
signalling pathways including PI3K, PLC-gamma, and 
ERK1/2, in addition to potassium sodium ion pump 
regulation, and modulation of NMDA and AMPA 
receptors [24]. 
In addition to physiological processes, 
cognitive function decline can also be found in 
pathological conditions such as Alzheimer's dementia. 
Various enzymatic activities in neurons and enzymatic 
defects within myelin-forming cells oligodendroglia 
and Schwann cells occur in dementia [25]. One 
indicator of microglial activation is the secretion of 
S100β which is a protein that binds to calcium under 
conditions of metabolic stress and is a biological 
marker of central nervous system (CNS) damage. 
Also, microglia activation results in a state of 
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neuroinflammation characterised by secretion of 
proinflammatory cytokines, such as interleukin-6 (IL-
6). Excessive secretion of IL-6 is neurotoxic in the 
CNS and is found in a variety of pathological 
conditions [26], [27], [28]. 
Brain Vitality Gymnastics (BVG) is an 
exercise with repeated stimulation that seeks to 
harmonise the movement of the body with thinking 
activity, optimising the ability of memory 
simultaneously. BVG is associated with cooperation 
between the function of motion, respiration, and 
cognition. The movements in BVG can stimulate 
cooperation between the two cerebral hemispheres 
[29]. Furthermore, physical exercise can improve 
cardiac output, increasing the body's oxygen demand, 
improving neurobiology as well as synthesising brain 
tissue, improving angiogenesis, neurogenesis, 
synaptogenesis, neurotransmitter synthesis, and 
cognitive function [30], [31]. This BVG has also been 
used by the Health Intelligence Center of the Ministry 
of Health of the Republic of Indonesia in the elderly 
group [32]. 
BVG is known to improve cognitive function in 
the elderly. In this study, we want to know the effect of 
BVG on improving cognitive function of elderly and 
biological markers on brain plasticity (BDNF), CNS 
damage (S100β), and neuroinflammation (IL-6) 
compared with elderly gymnastics. 
 
 
Methods 
 
Study Design and Procedure 
This is experimental research with pretest-
posttest control design for BDNF and IL-6 groups, and 
post-test only design for the S100β group. This study 
was conducted at the Elderly Primary Health Clinic in 
West Denpasar from May to June 2017. 
The elderly were selected based on the 
inclusion and exclusion criteria, and 38 subjects were 
divided into two groups of 19, each treated with BVG 
and elderly gymnastics. All subject within the two 
groups will be interviewed with a MoCA-Ina 
assessment questionnaire, blood samples were then 
taken for BDNF and IL-6 (pre-exercise) levels 
measurement, and then the elderly were given BVG 
treatment in the treatment group and the elderly 
gymnastics for the control group. During the 
experiment, both BVG and elderly gymnastics were 
given twice a week for 4 weeks in a row with a 
duration of 20-30 minutes for each session. After four 
weeks of BVG training and elderly gymnastics, MoCA-
Ina and serum levels of BDNF, IL-6, and S100β were 
reevaluated (post-exercise). The data obtained were 
analysed statistically. 
 
Results 
 
In Table 1, the overall age (either control or 
treatment group) was 67.00 ± 4.66 years. The mean 
age of the control group was 66.74 ± 4.51, while the 
treatment group was 66.00 ± 4.93 years. The number 
of men and women in each group (control and 
treatment) was relatively balanced, i.e. about 50 
percent. All subjects received formal education from 
junior high school to university, with the highest 
number of universities 17 (44.7%), senior high school 
13 (34.2%) and junior high school 8 (2%). Subject’s 
occupation within the control and treatment group 
were mostly retired civil servants (PNS), which 
consists of 9 subjects (23.7%) in the control group and 
13 subjects (34.2%) in the treatment group. 
Table 1: Baseline Characteristics of Subjects 
Parameters Control (n = 19) Treatment (n = 19) 
Mean age (± SD) 66.74 ± 4.51 66.00 ± 4.93 
Sex 
Male 
Female 
 
9 (47.4%) 
10 (52.6%) 
 
9 (47.4%) 
10 (52.6%) 
Educational level   
Junior high school 7(36.8%) 1 (5.3%) 
Senior high school 4 (21.2%) 9 (47.4%) 
Academy/Dipl./Univ. 8 (42.1%) 9 (47.4%) 
Occupation   
Civil servant  9 (47.4%)  
Private employee 2 (10.5%) 4 (21.1%) 
Entrepreneur 3 (15.8%) 1 (5.3%) 
Others 5 (36.3%) 1 (5.3%) 
SD = standard deviation. 
 
Table 2 showed that the effect of BVG in 
cognitive function improvement could be assessed by 
comparing the mean increase of MoCA-Ina cognitive 
function score between the treatment group (BVG) 
and control group (elderly gymnastics) after 4 weeks 
of gymnastics training. An independent t-test was 
conducted to determine the significance of BVG 
compared with elderly gymnastics in improving the 
cognitive score. The result showed an average 
increase of MoCA-Ina score by 1.53 ± 1.58 in the 
BVG group and 0.11 ± 2.54 in the elderly gymnastics 
group. In this study, it was found that the observed 
increase of MoCA-Ina score among the treatment 
group was significantly different (higher) than the 
control group (p = 0.047). 
Table 2: The average increase in MoCA-Ina scores between 
brain vitalisation gymnastics groups and elderly exercise 
groups 
Groups Average MoCA-Ina score increase p-value 
BVG 1.53 ± 1.58 0.047* 
Elderly gymnastics 0.11 ± 2.54  
BVG = brain vitalization gymnastics; MoCA-Ina = Montreal Cognitive Assessment-
Indonesia. 
 
Table 3 showed that the effect of BVG on 
elevated serum BDNF level in elderly was assessed 
by comparing the mean of BDNF increase between 
treatment group (BVG) and control group (elderly 
gymnastics) after 4 weeks of gymnastics training. In 
the independent t-test, the average increase in BVG 
group was -6020.58 ± 7957.22, and the mean of the 
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elderly gymnastics group increased by 0.11 ± 2.54. In 
this study, it was found that the elevated serum levels 
of BDNF treatment group were significantly different 
from the control group (p = 0.027). 
Table 3: Mean elevation of serum BDNF levels between BVG 
group and elderly exercise group 
Groups Mean BDNF increment  
BVG -6020.58 ± 7957.22 0.027 
Elderly gymnastics -12028.32 ± 8062.32  
BVG = brain vitalization gymnastics; BDNF= brain derived neurotrophic factor. 
 
Table 4 showed that the effect of BVG on 
decreasing levels of IL-6 in the elderly was assessed 
after four weeks of gymnastics training. The median 
pre-test IL-6 levels were 2212.00, while the median 
post-test IL-6 levels were 3197.50. There were 12 
people with higher IL-6 levels after gymnastics than 
before gymnastics, and 26 people showed lower 
levels of IL-6 than before exercise. In the Wilcoxon 
test, it was found that the difference in serum IL-6 
decrease was significantly (p = 0.004). 
Table 4: The decrease in serum IL-6 levels between the BVG 
and the elderly exercise group 
 
Parameters 
IL-6 levels (pg/mL) 
Median Minimum Maximum p-value 
Pre-test IL-6 levels 2212.00 566 5741 0.004 
Post-test IL-6 levels 3197.50 1013 7669 
IL-6 = interleukine 6. 
 
Table 5 showed that BVG decreased subjects' 
S100β levels (pg / mL) in the elderly, which was 
assessed after four weeks of gymnastics training. 
Mann Whitney test was conducted to compare the 
S100β’s rate of decrease among BVG-treated and 
elderly gymnastics group. It was found that the 
decrease of S100β treatment group did not differ 
significantly with the control group (p = 0.404). 
Table 5: The difference between serum S100β levels of BVG 
group and the elderly exercise group 
 
Parameters 
S100β levels (pg/mL) 
Median Minimum Maximum p-value 
BVG 19.63 19.48 21.17 
0.404 
Elderly gymnastics 19.98 19.48 22.60 
BVG = brain vitalization gymnastics. 
 
 
 
Discussion 
 
The concept of brain plasticity is the 
reorganisation of neural interconnection through a 
sustained new experience. It is an intrinsic 
development of adult brain tissue, where ineffective 
synapses will undergo shrinkage [33], [34], [35]. 
Animal studies have shown that regular exercise 
improves brain plasticity as evidenced by significant 
beta-amyloid depletion, a significant increase in serum 
BDNF, decreased serum CRP and that astrocytes 
play an important role in brain plasticity characterised 
by an increase in the number of astrocytes expressing 
BDNF [23]. 
In this study, 38 subjects met the eligibility 
criteria, which were divided into 19 subjects in the 
treatment group and 19 subjects were the control 
group. All subjects were recruited in the area of West 
Denpasar Puskesmas Bali. In this study, the overall 
age (either the control group or the treatment group) 
was 67.00 ± 4.66 years. The mean age of the control 
group was 66.74 ± 4.51, while the treatment group 
was 66.00 ± 4.93 years. All subjects of this study run 
formal education ranging from junior high school to 
college, with the highest number of academy/diploma/ 
colleges that is 17 subjects (89.5%). This indicates 
that the study subjects in both groups had a high 
educational background, thus contributing to better 
synapse density and cognitive reserve than subjects 
with low education [36]. Also, to assess cognitive 
function using the MoCA-Ina test requires a good level 
of attention (attention) and has a minimum level of 
formal education completed primary school. The 
provision of BVG to increase the cognitive function of 
MoCA-Ina in elderly was assessed by comparing the 
mean improvement of cognitive function score 
between the treatment group (BVG) and control group 
(elderly gymnastics) after 4 weeks of gymnastics 
training. The average score improvement of MoCA-
Ina in the BVG group was 1.53 ± 1.58 and the MoCA-
Ina’s mean score improvement in elderly gymnast 
group was 0.11 ± 2.54. The Montreal Cognitive 
Assessment (MoCA) is a questionnaire to assess 
global cognitive functioning including executive and 
memory functions. Efficient MoCA examination for 
various causes of cross-age cognitive dysfunction and 
more sensitive level of education compared with 
MMSE, particularly significant with frontal lobe 
abnormalities [37], [38]. In this study, it was found that 
the effectiveness of MoCA-Ina improvement score 
between treatment groups increased by 1.53 ± 1.58 
which was significantly different compared to the 
control group of 0.11 ± 2.54 (p = 0.047). It can be 
concluded that the application of BVG resulted in 
significantly improved cognitive function compared to 
the elderly gymnastics group for 4 weeks with regular 
training. 
Brain-Derived Neurotrophic Factor (BDNF) is 
a neurotrophic factor about Nerve Growth Factor as a 
marker of brain plasticity. The brain in adulthood has 
the ability to keep producing new nerve cells known 
as neurogenesis processes. BDNF is one of the most 
active markers of plasticity and plays an important role 
in neural development [39], [40], [41]. As it is known 
that cognitive function and memory were arranged in 
the cerebral cortex, hippocampus, and the frontal part 
of the brain, it is known that BDNF is important for 
long-term memory associated with Nerve Growth 
Factor [41], [42]. Four weeks of BVG administration 
affected elevated serum BDNF levels in the elderly. In 
this study, the average increase of BVG group was-
6020.58 ± 7957.22 and average of elderly gymnastics 
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group was 0.11 ± 2.54. In this study, it was concluded 
that elevated serum BDNF levels among the 
treatment group were significantly different with the 
control group (p = 0.027). This indicates that BVG not 
only improves functional cognitive functioning as 
evaluated by MoCA-Ina but also plays an important 
role in improving neuroplasticity. As is known, BDNF 
plays an important role in short and long-term memory 
regulation, through the mechanism of long-formation 
reinforcement, consolidation, re-consolidation, care 
and elimination involving various molecular signaling 
pathways, including PI3K, PLC-gamma, and ERK1/2, 
in addition to potassium sodium ion pump regulation, 
and NMDA and AMPA receptor modulation [24]. Thus, 
the increase in BDNF levels due to BVG, as found in 
this study, is expected to have a positive impact on 
improving cognitive function, both in healthy elderly 
and people with dementia. This is also supported by 
experimental animal studies conducted by 
Laksmidewi, et al., (2016), where BDNF increased 
after the 7th, 14th, 28th day of training when exercise 
is regular and not excessive. BDNF levels reportedly 
rose much higher after 14 days of regular training 
compared to the seventh-day post-exercise [23]. 
BDNF increment is evidence that BDNF is a key 
protein in the regulation of the successful balance of 
neuronal growth and also shows the association of 
physical exercises with brain plasticity. 
Interleukin-6 (IL-6) is a proinflammatory 
cytokine secreted mainly by astrocytes in the CNS. 
Although IL-6 has a beneficial effect because it is 
neurotropic, its excessive expression is generally 
neurotoxic [43]. Changes in cognitive function after 
acute systemic inflammation are thought to be the 
result of cellular and molecular interactions, especially 
in the hippocampus. Acetylcholine inhibits the release 
of IL-6 pro-inflammatory cytokines to control 
inflammation in the brain [44], [45]. BVG in this study 
proved to lower IL-6 levels in the elderly as assessed 
after four weeks of gymnastics. The median pre-test 
and post-test IL-6 levels were each 2212.00 and 
3197.50 pg/mL. There were 12 people with higher IL-6 
levels after than before gymnastics, and 26 people 
showed IL-6 levels to be lower than before exercise. 
In this study, BVG training for 4 weeks regularly was 
proven to lower IL-6 levels when compared with 
elderly gymnastics group. 
Furthermore, in this study, S100β was found 
decreased among the treatment group (BVG) but did 
not differ significantly with the control group (elderly 
gymnastics) with p = 0.404. S100β is a protein 
attached to calcium, secreted by glial cells, Schwann 
cells, and astrocytes under the influence of metabolic 
stress conditions. The synaptic transmission of S100β 
affects the excitability of nerve cells and cerebral 
blood flow, thereby increasing neurobehavioral and 
cognitive symptoms [44]. The release of S100β by 
astrocytes is associated with oxidative stress 
mechanisms, but also has a beneficial effect on the 
maintenance of nerve cells, neurogenesis, and 
cognitive function described through brain repair 
processes especially in the hippocampus region [46], 
[47], [48]. Increased secretion of S100β by activated 
astrocytes suggests a neurodegenerative process, 
found in Alzheimer's dementia, stroke, schizophrenia, 
and traumatic brain injury [49], [50]. 
In this study, the BVG administration for 4 
weeks did not demonstrate a significant difference 
between treatment and control group with regards to 
S100β levels decrement. Referring to the dualism 
nature of S100β secretion related to oxidative stress 
and neurogenesis (along with cognitive function), the 
physical exercise should be conducted longer and 
more regularly as well as evaluated both on pre- and 
post-test. The insignificant result of S100β levels 
among the treatment and control group was assumed 
due to the post-test evaluation only. 
In conclusion, BVG performed regularly in the 
elderly at intervals of 2 times a week with a duration of 
20-30 minutes per session for 4 weeks has been 
shown to improve cognitive function and brain 
plasticity, as well as decrease the neuroinflammation 
process is shown by increasing MoCA-Ina score and 
BDNF levels, IL-6 levels, respectively, were 
statistically significant compared to elderly exercise. 
Meanwhile, BVG did not show any significant effect on 
S100β compared to elderly gymnastics. 
 
 
References 
 
1. Harada CN, Love MCN, Triebel KL. Normal cognitive ageing. 
Clin Geriatr Med. 2013; 29:737-752. 
https://doi.org/10.1016/j.cger.2013.07.002 PMid:24094294 
PMCid:PMC4015335 
2. Salthouse TA, Mitchell DR, Skovronek E, Babcock RL. Effects of 
adult age and working memory on reasoning and spatial abilities. J 
Exp Psychol Learn Mem Cogn. 1989; 15:507. 
https://doi.org/10.1037/0278-7393.15.3.507 PMid:2524548 
 
3. Howieson DB, Holm LA, Kaye JA, Oken BS, Howieson J. 
Neurologic function in the optimally healthy oldest old 
Neuropsychological evaluation. Neurology. 1993; 43:1882-1882. 
https://doi.org/10.1212/WNL.43.10.1882 PMid:8413942 
 
4. Salthouse TA, Fristoe NM, Lineweaver TT, Coon VE. Ageing of 
attention: Does the ability to divide decline? Mem Cognit. 1995; 
23:59-71. https://doi.org/10.3758/BF03210557 PMid:7885266 
 
5. Rönnlund M, Nyberg L, Bäckman L, Nilsson LG. Stability, 
growth, and decline in adult life span development of declarative 
memory: cross-sectional and longitudinal data from a population-
based study. Psychol Aging. 2005; 20:3. 
https://doi.org/10.1037/0882-7974.20.1.3 PMid:15769210 
 
6. Salthouse TA. A selective review of cognitive ageing. J Int 
Neuropsychol Soc. 2010; 16:754-760. 
https://doi.org/10.1017/S1355617710000706 PMid:20673381 
PMCid:PMC3637655 
 
7. Singh-Manoux A, Kivimaki M, Glymour MM, Elbaz A, Berr C, 
Ebmeier KP, Ferrie JE, Dugravot A. Timing of onset of cognitive 
decline: results from Whitehall II prospective cohort study. BMJ. 
2012; 344:d7622. https://doi.org/10.1136/bmj.d7622 
PMid:22223828 PMCid:PMC3281313 
 
Laksmidewi et al. Brain Vitalization Gymnastics Improved Cognitive Function Marked by Increased BDNF, Decreased Serum Interleukin-6 and S-100β  
_______________________________________________________________________________________________________________________________ 
_______________________________________________________________________________________________________________________________ 
Open Access Maced J Med Sci. 2019 Nov 15; 7(21):3596-3602.                                                                                                                                                 3601 
 
8. Terry RD, Katzman R. Life span and synapses: will there be 
primary senile dementia? Neurobiol Aging. 2001; 22:347-348. 
https://doi.org/10.1016/S0197-4580(00)00250-5 
 
9. Raz N, Gunning-Dixon FM, Head D, Dupuis JH, Acker JD. 
Neuroanatomical correlates of cognitive aging: evidence from 
structural magnetic resonance imaging. Neuropsychology. 1998; 
12:95. https://doi.org/10.1037/0894-4105.12.1.95 PMid:9460738 
 
10. Dickstein DL, Kabaso D, Rocher AB, Luebke JI, Wearne SL, 
Hof PR. Changes in the structural complexity of the aged brain. 
Aging Cell. 2007; 6:275-284. https://doi.org/10.1111/j.1474-
9726.2007.00289.x PMid:17465981 PMCid:PMC2441530 
 
11. Uttara B, Singh AV, Zamboni P, Mahajan RT. Oxidative stress 
and neurodegenerative diseases: a review of upstream and 
downstream antioxidant therapeutic options. Curr Neuropharmacol. 
2009; 7:65-74. https://doi.org/10.2174/157015909787602823 
PMid:19721819 PMCid:PMC2724665 
 
12. Pike KE, Savage G, Villemagne VL, Ng S, Moss SA, Maruff P, 
Mathis CA, Klunk WE, Masters CL, Rowe CC. β-amyloid imaging 
and memory in non-demented individuals: evidence for preclinical 
Alzheimer's disease. Brain. 2007; 130:2837-2844. 
https://doi.org/10.1093/brain/awm238 PMid:17928318 
 
13. Meier-Ruge W, Ulrich J, Brühlmann M, Meier E. Age-related 
white matter atrophy in the human brain. Ann N Y Acad Sci. 1992; 
673:260-269. https://doi.org/10.1111/j.1749-6632.1992.tb27462.x 
PMid:1485724 
 
14. Hill NL, Kolanowski AM, Gill DJ. Plasticity in early Alzheimer's 
disease: an opportunity for intervention. Top Geriatr Rehabil. 2011; 
27:257. https://doi.org/10.1097/TGR.0b013e31821e588e 
PMid:22904596 PMCid:PMC3419487 
 
15. Galvan V, Bredesen DE. Neurogenesis in the adult brain: 
implications for Alzheimer's disease. CNS Neurol Disord-Drug 
Targets Former Curr Drug Targets-CNS Neurol Disord. 2007; 
6:303-310. https://doi.org/10.2174/187152707783220938 
PMid:18045158 
 
16. Feldman DE. Synaptic mechanisms for plasticity in neocortex. 
Annu Rev Neurosci. 2009; 32:33-55. 
https://doi.org/10.1146/annurev.neuro.051508.135516 
PMid:19400721 PMCid:PMC3071739 
 
17. Baltes MM, Raykov T. Prospective validity of cognitive plasticity 
in the diagnosis of mental status: A structural equation model. 
Neuropsychology. 1996; 10:549. https://doi.org/10.1037/0894-
4105.10.4.549 
 
18. Berlucchi G, Buchtel HA. Neuronal plasticity: historical roots 
and evolution of meaning. Exp Brain Res. 2009; 192:307-319. 
https://doi.org/10.1007/s00221-008-1611-6 PMid:19002678 
 
19. Dwiantari I, Laksmidewi AAP, Adnyana IMO [Perbandingan 
Senam Vitalisasi Otak Dengan Senam Lansia Dalam 
Meningkatkan Fungsi Kogntif Pada Lanjut Usia di Denpasar Barat], 
2017. 
 
20. Angevaren M, Aufdemkampe G, Verhaar HJ, Aleman A, 
Vanhees L. Physical activity and enhanced fitness to improve 
cognitive function in older people without known cognitive 
impairment. Cochrane Database Syst Rev. 2008; 3:1-73. 
https://doi.org/10.1002/14651858.CD005381.pub3 PMid:18646126 
 
21. Lytle ME, Vander Bilt J, Pandav RS, Dodge HH, Ganguli M. 
Exercise level and cognitive decline: the MoVIES project. 
Alzheimer Dis Assoc Disord. 2004; 18(2):57-64. 
https://doi.org/10.1097/01.wad.0000126614.87955.79 
PMid:15249848 
 
22. Niti M, Yap KB, Kua EH, Tan CH, Ng TP. Physical, social and 
productive leisure activities, cognitive decline and interaction with 
APOE-ε4 genotype in Chinese older adults. Int Psychogeriatr. 
2008; 20:237-251. https://doi.org/10.1017/S1041610207006655 
PMid:18190728 
 
23. Laksmidewi AAP, Sudewi R, Machfoed HM, Mantik IN. The 
Decrease of Amyloid-Beta Deposit, Increase of Brain-Derived 
Neurotrophic Factor and Decrease of C-Reactive Protein Levels in 
the Rat Model of Dementia, Related to the Physical Exercises. 
2016; 2:16. https://doi.org/10.24947/baojn/2/2/117 
 
24. Bekinschtein P, Cammarota M, Medina JH. BDNF and memory 
processing. Neuropharmacology. 2014; 76:677-683. 
https://doi.org/10.1016/j.neuropharm.2013.04.024 PMid:23688925 
 
25. Ngoerah I. Dasar-dasar Ilmu Penyakit Saraf. Udayana 
University Press, 2017.  
26. Klein MA, Möller JC, Jones LL, Bluethmann H, Kreutzberg GW, 
Raivich G. Impaired neuroglial activation in interleukin-6 deficient 
mice. Glia. 1997; 19:227-233. https://doi.org/10.1002/(SICI)1098-
1136(199703)19:3<227::AID-GLIA5>3.0.CO;2-W 
 
27. van Munster BC, Aronica E, Zwinderman AH, Eikelenboom P, 
Cunningham C, de Rooij SE. Neuroinflammation in delirium: a 
postmortem case-control study. Rejuvenation Res. 2011; 14:615-
622. https://doi.org/10.1089/rej.2011.1185 PMid:21978081 
PMCid:PMC4309948 
 
28. Adamis D, Treloar A, Darwiche F-Z, Gregson N, Macdonald AJ, 
Martin FC. Associations of delirium with in-hospital and in 6-months 
mortality in elderly medical inpatients. Age Ageing. 2007; 36:644-
649. https://doi.org/10.1093/ageing/afm094 PMid:17660528 
 
29. Laksmidewi AAP. Brain Movement Exercise with Balinese 
Dance Modification. Jakarta, 2005.  
30. Rivera-Brown AM, Frontera WR. Principles of exercise 
physiology: responses to acute exercise and long-term adaptations 
to training. Pm&r. 2012; 4(11):797-804. 
https://doi.org/10.1016/j.pmrj.2012.10.007 PMid:23174541 
 
31. Gligoroska JP, Manchevska S. The effect of physical activity on 
cognition-physiological mechanisms. Mater Socio-Medica. 2012; 
24:198. https://doi.org/10.5455/msm.2012.24.198-202 
PMid:23678325 PMCid:PMC3633396 
 
32. DepKes R. [Buku Panduan Pengembangan Pusat Inteligensia 
Kesehatan Kementerian Kesehatan RI pada kelompok lansia], 
2005. 
 
33. Lodovichi C, Berardi N, Pizzorusso T, Maffei L. Effects of 
neurotrophins on cortical plasticity: same or different? J Neurosci. 
2000; 20:2155-2165. https://doi.org/10.1523/JNEUROSCI.20-06-
02155.2000 PMid:10704490 PMCid:PMC6772512 
 
34. Nithianantharajah J, Hannan AJ. Enriched environments, 
experience-dependent plasticity and disorders of the nervous 
system. Nat Rev Neurosci. 2006; 7:697. 
https://doi.org/10.1038/nrn1970 PMid:16924259 
 
35. Cheng A, Hou Y, Mattson MP. Mitochondria and 
neuroplasticity. ASN Neuro. 2010; 2(5):AN20100019. 
https://doi.org/10.1042/AN20100019 PMid:20957078 
PMCid:PMC2949087 
 
36. Stern Y. What is cognitive reserve? Theory and research 
application of the reserve concept. J Int Neuropsychol Soc. 2002; 
8:448-460. https://doi.org/10.1017/S1355617702813248 
PMid:11939702 
 
37. Dong Y, Zhang G, Zhang B, Moir RD, Xia W, Marcantonio ER, 
Culley DJ, Crosby G, Tanzi RE, Xie Z. The common inhalational 
anesthetic sevoflurane induces apoptosis and increases β-amyloid 
protein levels. Arch Neurol. 2009; 66:620-631. 
https://doi.org/10.1001/archneurol.2009.48 PMid:19433662 
PMCid:PMC2748878 
 
38. Toglia J, Fitzgerald KA, O'Dell MW, Mastrogiovanni AR, Lin 
CD. The Mini-Mental State Examination and Montreal Cognitive 
Assessment in persons with mild subacute stroke: relationship to 
functional outcome. Arch Phys Med Rehabil. 2011; 92:792-798. 
https://doi.org/10.1016/j.apmr.2010.12.034 PMid:21530727 
 
39. Egan MF, Kojima M, Callicott JH, Goldberg TE, Kolachana BS, 
Bertolino A, Zaitsev E, Gold B, Goldman D, Dean M. The BDNF 
val66met polymorphism affects activity-dependent secretion of 
BDNF and human memory and hippocampal function. Cell. 2003; 
112:257-269. https://doi.org/10.1016/S0092-8674(03)00035-7 
 
40. Cramer SC. A window into the molecular basis of human brain 
plasticity. J Physiol. 2008; 586:5601-5601. 
https://doi.org/10.1113/jphysiol.2008.165183 PMid:19043118 
PMCid:PMC2655405 
 
41. Rauskolb S. Brain-derived neurotrophic factor: generation and 
characterization of adult mice lacking BDNF in the adult brain  
Clinical Science 
_______________________________________________________________________________________________________________________________ 
 
_______________________________________________________________________________________________________________________________ 
3602                                                                                                                                                                                              https://www.id-press.eu/mjms/index 
 
(Doctoral dissertation, University_of_Basel). 
42. Weyandt L, Weyandt LL. Neuroanatomy, Brain Development, 
and Plasticity. The Physiological Bases of Cognitive and 
Behavioral Disorders, 2006:21-48. 
https://doi.org/10.4324/9781410615695 
 
43. Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S. The pro-
and anti-inflammatory properties of the cytokine interleukin-6. 
Biochim Biophys Acta BBA-Mol Cell Res. 2011; 1813:878-888. 
https://doi.org/10.1016/j.bbamcr.2011.01.034 PMid:21296109 
 
44. Cerejeira J, Nogueira V, Luís P, Vaz-Serra A, Mukaetova-
Ladinska EB. The cholinergic system and inflammation: common 
pathways in delirium pathophysiology. J Am Geriatr Soc. 2012; 
60:669-675. https://doi.org/10.1111/j.1532-5415.2011.03883.x 
PMid:22316182 
 
45. Sfera A, Cummings M, Osorio C. Non-neuronal acetylcholine: 
the missing link between sepsis, cancer, and delirium? Front Med. 
2015; 2:56. https://doi.org/10.3389/fmed.2015.00056 
PMid:26347869 PMCid:PMC4543923 
 
46. Gerlach R, Demel G, König H-G, Gross U, Prehn JHM, Raabe 
A, Seifert V, Kögel D. Active secretion of S100B from astrocytes 
during metabolic stress. Neuroscience. 2006; 141:1697-1701. 
https://doi.org/10.1016/j.neuroscience.2006.05.008 PMid:16782283 
 
47. Donato R, Sorci G, Riuzzi F, Arcuri C, Bianchi R, Brozzi F, 
Tubaro C, Giambanco I. S100B's double life: intracellular regulator 
and extracellular signal. Biochim Biophys Acta BBA-Mol Cell Res. 
2009; 1793:1008-1022. 
https://doi.org/10.1016/j.bbamcr.2008.11.009 PMid:19110011 
 
48. Gonçalves C-A, Leite MC, Nardin P. Biological and 
methodological features of the measurement of S100B, a putative 
marker of brain injury. Clin Biochem. 2008; 41:755-763. 
https://doi.org/10.1016/j.clinbiochem.2008.04.003 PMid:18454941 
 
49. Rothermundt M, Ohrmann P, Abel S, Siegmund A, Pedersen A, 
Ponath G, Suslow T, Peters M, Kaestner F, Heindel W. Glial cell 
activation in a subgroup of patients with schizophrenia indicated by 
increased S100B serum concentrations and elevated myo-inositol. 
Prog Neuropsychopharmacol Biol Psychiatry. 2007; 31:361-364. 
https://doi.org/10.1016/j.pnpbp.2006.09.013 PMid:17081670 
 
50. Chaves ML, Camozzato AL, Ferreira ED, Piazenski I, 
Kochhann R, Dall'Igna O, Mazzini GS, Souza DO, Portela LV. 
Serum levels of S100B and NSE proteins in Alzheimer's disease 
patients. J Neuroinflammation. 2010; 7:6. 
https://doi.org/10.1186/1742-2094-7-6 PMid:20105309 
PMCid:PMC2832635 
 
 
 
